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Values of the vertical column electron content of the ionosphere 
a t  Huancayo, Peru ,  are presented for  an eighteen month interval. 
data were obtained f r o m  an  analysis of Faraday rotation data f rom a 
radio beacon satellite. (Transit  4A) 
These 
The daytime electron content is found to  vary with the 10.7 c m  
so lar  radio flux, and af ter  normalization for this dependence the 
average diurnal variationiis found to be quite regular with a range of 
about 20: 1.  
A biannual variation in the daytime electron content is found 
also,  with maxima near  the equinoxes and with a range of about 2: 1. 
I 
c i e 
- 1 -  
1. Introduction 
Over the past  few years a great  amount of experimental 
data has been published concerning the variation of electron content 
at middle latitudes, e.g. Garriott (1960), Ross (1960), and Yeh and 
Swenson (1961). 
OE e-xperirnents invdviag radio beazon sateEitea and an the 
measurements of the propagation effects in  the radio signals f r o m  
these sources a s  they pass through the ionosphere. Relatively few 
data have been published relating to the electron content of the 
ionosphere a t  low latitudes, e.g. Somayajulu et.al. (1964). 
the purpose of this study to present the results of a s e r i e s  of 
measurements made f rom a station on the magnetic equator, and 
to discuss the variation of equatorial electron content. 
These studies have been based fo r  the most  p a r t  
It is 
Measurements were made a t  Huancayo, P e r u  (1205 S, 75.35 W) 
f r o m  September 1961 to February 1963 of the polarization rotation of 
the 54 m c / s  signals f rom the satellite 1961 Omicron 1 (Transi t  4A). 
This satellite was launched in  a high inclination orbit, approlrimately 
circular  a t  about 1000 k m  altitude, and was magnetically stabilized 
to  a very low residual spin rate. 
content therefore refers to  the height range up to about 1000 km, 
and changes in  rotation can be attributed entirely to the ionospheric 
medium. 
twelve hours apar t  at times which precessed ea r l i e r  each day on the 
average by about fourteen minutes. In this way measurements were  
made a t  all  times of day i n  an elapsed time of about seven weeks, and 
about eleven such sweeps in local so la r  time were made during the 
eighteen month observation period. 
The measurement of electron 
Normally two records were made each day spaced about 
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2 .  Method of Analysis 
Fo r  a station on the magnetic equator the usual polarization 
rotation ambiguity can be resolved when the satell i te source passes  
in a direction transverse to the magnetic field, fo r  example see  
Blumle (1962). 
f rom this transverse point i t  is therefore possible to determine 
unambiguously the number of polarization rotations between the 
satellite and the ground based receiver at any point during the 
satellite's passage. 
rotation angle S2 is related to the ver t ical  column electron content 
of the ionosphere below the height of the satell i te by the well-known 
By counting rotations of the plane of polarization 
To a f i r s t  order  approximation the polarization 
e qua ti on 
N dh semi-rotations s Q = K B  s e c x  L 
where 
K = 2.582 
BL = the longitudinal component in  gammas of the 
10"for 54 Mc/s ,  
ear th ' s  magnetic field along the ray f rom 
satellite to receiver ,  
x = the zenith angle of the assumed s t ra ight  line 
ray path 
N = the electron density pe r  cubic me te r  a t  height h ,  
and the average b a r  denotes the weighted mean value of the product 
over the ray  path, which takes this mean value at the "mean 
ionospheric point". 
When ray refraction and other second order  effects a r e  
included in  the analysis,  R o s s  (1965) has shown that the angle of 
rotation is related to the angle C? 
by the equation 
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s L = Q o [ l +  $ f3X.t. f ( f 3 -  1 ) G X ]  
where 
T = the mean square plasma frequency along the ray 
path normalized to the wave frequency, and which 
can be determined approximately f rom the first 
order equation above, 
f3 = a fo rm factor for  the ionization distribution which 
can be estimated a pr ior i ,  
G = a geometric factor relating the relative directions 
of the ray, the magnetic field and the vertical a t  
the mean ionospheric point. 
and 
The inclusion of the second order effects in the analysis 
resulted in  corrections to the first order values of five percent 
o r  less ,  except a t  the extreme limits of the satellite pass when the 
zenith angle became large.  A further potential source of e r r o r  a t  
l eas t  a s  great,  which could not be corrected far readily, arose f rom 
the uncertainty in the height of the mean ionospheric point. 
point was taken arbi t rar i ly  to be 400 km, a value which is believed 
to be quite close to the height of the average equatorial ionoephere, 
as will  be discussed la te r .  
This 
The value o€ €3 was computed f rom a spherical harmonic L 
expansion of the earth 's  magnetic field using Jensen-Cain coefficients 
for  epoch 1960. 
signal amplitude recorded from a linearly polarized antenna were 
interpolated graphically to give a continuous record of polarization 
rotation. Values of electron content were then computed for each 
integral degree latitude crossing of the satellite within the field of 
The times of consecutive polarization nulls in the 
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view of the receiving station. 
precisionQf measurement became relatively poor due to scaling 
uncertainties in the experimental data. 
transverse propagation point were discarded and an average electron 
content was computed fo r  each satellite pass using the next three 
values on bach side of the t ransverse point. 
accuracy of the results is ra ther  bet ter  than deb-percent fo r  the 
daytime records but i s  perhaps as poor as thirty percent  fo r  some 
nighttime records when the polarization rotation rate  was extremely 
low. 
Near the center of each record the 
The four values nea res t  the 
The estimated absolute 
3 .  Experimental Results 
The values of electron content calculated a s  above a r e  shown 
in Figure 1. 
northbound (S-N) and southbound (N-S) satellite passes  and in each 
the diurnal variation, which is produced a s  the orbit  of the satellite 
precesses  in solar t ime, is clearly evident. F o r  reference the 
10.7 c m  solar radio flux S i s  included as an  index of so la r  ultraviolet 
activity during the same period. 
The two se ts  of data shown a r e  derived respectively for  
a. Solar Vxriations 
In severa l  of the daytime sequences in Figure 1, in particular 
for the November 1961 and March 1962 sectionscofl’the (N-S) data, an 
apparent noon decrease in electron content can be seen. 
i s  not s o  pronounced in other daytime sections, in fact  quite the 
contrary appears to be the case in some instances. 
This effect 
A closer  investigation of these apparent diurnal variations 
shows that they correspond in date to the fluctuations in the so la r  
. -  e 
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radioflux. 
radioflux value for  each se r i e s  of satellite passes  fo r  the four 
hour interval between 1100 hours and 1500 hours,  when the electron 
content might be supposed to be reasonably constant. 
lines were drawn through these plots, and where the slope was 
significant it was found to represent an index of approximately 
unity. 
value of solar flux (S = 100) assuming this proportionality. 
The electron content was plotted against  the so la r  
Regression 
All electron content data were then normalized to a fixed 
Nicolet (1963) has studied the variation of thermospheric 
temperature with the so la r  radioflux S. He found a similar shor t - te rm 
coefficient for  effects which could be associated with the so la r  rotation 
period of twentyhseven days,  but found that fo r  longer periods of the 
order  of months a coefficient of approximately one -half the short  
period value was relevant. If we assume that both the thermospheric 
temperature and the electron content of the ionosphere have the same 
approximately l inear  relationship to the solar  ultraviolet flux, we may 
consider that a similar short  t e r m  and long t e r m  coefficient 
relationship will exist  for  the electron content also.  
the monthly levels of electron content were fur ther  normalized 
according to the average so la r  radioflux fo r  each solar  rotation. 
On this basis  
b. Diurnal Variations 
A representative plot of the variation of electron content with 
time of day is shown in Figure 2. In this figure the data a r e  taken 
fo r  a two month period during July and August 1962 and a r e  plotted 
against  the local mean so lar  time of the ionospheric point for  each 
observation. 
broad daytime maximum in electron content falling rather  
The principal features  in this figure a r e  a well defined 
, 
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i r regular ly  af ter  sunset to a predawn minimum, and then rising 
rapidly again af ter  sunrise to the daytime maximum value which 
i s  reached about three hours af ter  sunrise .  
electron content seen in this figure is of the order  of he 'n ty  to one, 
The diurnal range of 
but it i s  likely that this value is somewhat low since in some 
nighttime records it was impossible to  determine a value f o r  electron 
content because the Faraday rotation rate  was so  low. This 
diurnal range of electron content is much grea te r  than that seen a t  
middle latitudes during the same par t  of the so la r  cycle, e.g.  see  
Hibberd and Ross (1966), and also is considerably greater  than that 
found by Somayajulu (1964) for  a station which is approximately ten 
degrees off the magnetic equator. 
c. Seasonal Variations 
It is apparent in Figure 1 that the daytime maximum in 
electron content ranges over a factor of about two during the course 
of the year. 
electron content data have been plotted against data in Figure 3 
f o r  local t imes ranging between 1100 hours and 1600 hours. 
In order  to study this variation fur ther ,  normalized 
In this figure a biannual oscillation in daytime electron content 
can be seen with maxima occurring near  the equinoxes and minima 
near  the solstices.  
is much broader than that about the summer  solstice. 
the noon so lar  zenith angle a t  Huancayo shows a similar biannual 
variation with maxima and minima a t  about the same times,  but 
var ies  only by about twenty percent a s  compared with the factor of 
two seen in the normalized electron content data. 
therefore appear that the zenith angle variation in itself can be 
The minimum about the southern winter solstice 
The cosine of 
It does not 
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responsible for  most of this effect. 
procedures should have removed any simple dependency on so lar  
zenith angle .  
In any c a s e  the normalization 
d. Electrodynamic Effects 
Another property of the equatorial ionosphere which shows 
a s imilar  biannual variation is the intensity of the equatorial 
electrojet, f o r  instance, see  Vestine e t  a’l (‘1447). 
monthly mean, of the daily range of horizontal field intensity, AH, 
scaled from Huancayo magnetograms, is shown in Figure 4. The 
equinoctial maxima a r e  c lear ly  evident and the annual range is 
about fifty percent.  
T$e 
Attempts to find a corresponding relationship between the 
day to day variations in  electron content and in diurnal magnetic field 
strength variation were unsuccessful. In fact ,  in some cases ,  it 
seemed that a barely significant negative correlation obtained. 
A number of theories of the equatorial F region, e .  g. 
Martyn (195 9 ) ,  propose vertically directed motor forces  ar is ing 
f rom the electr ic  fields due to the flow of the Sq cur ren t  system in 
the E region of the ionosphere. 
biannual variations seen in the electron content data in this paper 
a r i s e  f rom this cause,  but the lack of detailed correlation prevents 
any positive identification of this effect a t  this t ime. 
It is possible that some of the 
e .  Height Variation 
Electron density profiles of the bottomside of the ionosphere 
over Huancayo were  available f o r  severa l  months of the observation 
period. Taken in conjunction with the electron content data,  these 
I .  
















MONTHLY MEAN DAILY VARIATION OF H 
FIGURE 4 
- 12 - 
profiles enabled an improved determination to be made of the 
height distribution of ionization throughout the equatorial F region. 
By extrapolating the boetomside profiles beyond the nose 
of the F region i t  was possible to  determine the .median height of 
the ionization. The results a r e  quite insensitive to the particular 
extrapolation method used, and a r e  shown in Figure 5 .  
diurnal trend is clearly evident with the median height rising f rom 
The 
its nighttime value of approximately 340 Ism to daytime values about 
420 km,  and falling again to the nighttime value severa l  hours af ter  
sunset. The unusually large values seen around sunrise  a r e  con- 
sidered to be inaccurate due to the rapidly changing nature of the 
ionosphere at that time. 
Since fo r  an equatorial station the value of B s e c  x has a L 
fairly uniform logarithmic gradient with height of approximately 
k m - l ,  the mean ionospheric height used in Faraday rotation 
calculations is approximately a t  the centroid of the ionization 
distribution. Because of the skewness of the height distribution, 
this centroid should lie somewhat above the median height, perhaps 
by 30 km o r  so. The constant height value of 400 k m  which has been 
assumed in the analysis of electron content data therefore,  is 
approximately cor rec t ,  and the principal effect of the diurnal height 
variation of the; iomsphere will be to compress  by about ten percent 
the apparent diurnal range of electron content variation. 
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4.  Conclusions 
Polarization rotation measurements f rom an equatorial 
station of beacon satellite radio transmissions enable the vertical  
column electron content of the equatorial ionosphere to be 
measured to an accuracy of better than ten percent. 
made over an extended period of t ime can be used to study diurnal, 
"seasonal", and other effects. 
Measurements 
Some day to day variations in electron content were  found 
to be closely correlated with the so la r  radioflux a t  10 c m ,  
confirming s imilar  correlations of thermospheric temperature e tc ,  
made by other workers .  
allowed for ,  the average diurnal variation pattern became quite 
smoothly varying with a range of greater  than 20: l .  
When this kind of so la r  variability was 
A pronounced "seasonal" variation in electron content was 
found to be s imilar  in form to the variation in the strength of the 
equatorial electrojet. 
found for day to day variations and a positive identification of the 
effects of electrodynamic drift  forces in the equatorial ionosphere 
cannot be made a t  this t ime. 
However a s imi la r  resul t  could not be 
Comparison of the electron content data with reduced vertical  
sounding ionograms showed that the mean ionospheric height has a 
pronounced diurnal variation quite similar in form to the variation 
of the height of the F layer  m---' aAimum. 
.* . 
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APPENDIX 
This appendix contains separate tabulations of experimental 
data in chronological order for  each direction of satellite passage. 
The column headings a r e  as  follows. 
DATE = a six-digit designation in the f o r m  year-month-day. 
T L !  = time of transverse propagation, 75W Standard Time. 
HEIGHT = satellite height in kilometers . 
N MAX = F-layer  peak density a t  the time of satellite passage 
m- read from Huancayo ionograms, i n  units of 10' 
Slo = average 10.7 cm radio flux for  DATE in units of 
W m" sec.  
NT = vertical  column electron content in units of 10" m" 
calculated as indicated in Section 2 
N: = normalized vertical column electron content in units 
of 10'' m" calculated a s  indicated in Section 3. 
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N MAX 
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